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NATTONAL ADVISORY COMMITTEE FOR ARRONAUTTICS
RESFARCH MEMORANDUM

WIND-TUNNEL INVESTICATION AT ILOW SPEED OF A WING SWEPT BACK
63° AND TWISTED AND CAMBERED FOR UNIFORM LOAD AT A LIFT
COEFFICIENT OF 0.5 AND WITH A THICKENED TIP SECTION

By Jemes A. Weiberg and Hubert C. Carel
SUMMARY

Tests were made to determine the longltudinel—stability characteris—
tics and the spanwise distribution of load of & semispan model of a wing
with the leading edge swept back 63° and with a thickened tip section. The
wing was twisted and cambered to produce an approximately umiform 1ift dis—
tribution at a 11P% coefficlent of 0.5 and at a Mach number of 1.k. Tests
were also made of ths wlng with a fuselags and with various devices for
altering the stall and spanwise boundary-layer flow.

Comparisons with the resulte of tests of the wing, made before the
addltion of thickness to the tip sections, showed that the increased thick—
nesg and slightly altered twist from midsemispen to the tip of the wing
resulted in reduced tip-leading—edge pressure peaks with no improvement of
tip 1ift characteristlcs. Thus, the early loss of 1ift of wing sections
near the tip which resulted in the large variations in longitudinal stabll—
ity was attributable largely to spanwise flow of the boundary layer rather
than to local stall of the Ltip sections. Hence, the expecied improvement
of the longitudinal stability of the wing was not realized.

The addition of Plaps and upper—surface fences to the wing for stall
and boundary-layer control considerably improved the stabllity character—
istics of the wing.

The change of spanwise variation of twist and thickness had 1ittle
effect on the spanwise distribution of lced.

INTRODUCTION

The merits of large amounts of sweep for efficient flight (i.e., for
reasomably high lift—drag ratios) at moderate supersonic speeds have been
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demonstrated by wind—tunnel tests of a wing with the leading edge swept
back 63° (references 1 and 2)., At low subsonic Mach mumbers this wing is
characterized by large variations of longitudinal stablility with angle of
attack even at low 1lift ccefficients (references 3 and k)., These stebil-
ity varlations were attributed in reference 3 to spanwise flow in the
boundary layer and to flow separatlon at wing sectliomns near the tip.
Twisting and cambering the wing a moderate amount to relieve the lozd at
the tip and to obtain & more uniform distribution of loced at a moderately
low 1ift coefficlent (0.25 at a Mach number of 1., 5) resulted in higher
1ift-drag ratios at supersonic speeds (reference 5) but provided little
improvement of the stabllity characteristics at subsonic speeds (refer—
ence 6)., Tests of a wing twisted and cambered for wniform loed at & mod~
erately high 1ift coefficient (0.5 at a Mach number of 1l.4) likewise showed
no improvement of the stabllity characteristics at low subsonlic Mach num—
bers (reference T).

In referance T, the poor stability characteristics of the wing at
comparatively low 1ift coefficients were attributed to the inability of
the wing sections near the tip to maintain 111’.'1'. without flow se'_para:bion
to sufficliently high angles of attack.

Subsequent to the tests of reference T it was reasoned that the 1ift
range for satisfactory stability characteristics mlght he extended to
higher 1lift coefficients by increassing the range of usable 1ift of the
sections near the tip through an Increase of the thickness of these sec—
tions. Computations showed that the increase of drag at supersonlc epeeds
due to the increased thickness of sectioms zuea.r the tlp would be relatively
small,

Consequently, the model used for the research reported in reference T
was altered to incorporate thicker sections from the midsemispan to the
tip. For expediency in model congtruction, the twist of the revised por—
tion of the wing was also modified from that of the original wing.

Tests of.the wing were made in ons of the Ames T— by 10-foot wind
tunnels. The longitudinal characterlistics of this wing as shown by force
and pressure-distribution measuremsnts are presented hereln., Also included
are the effects of a fuselage, of upper—surface fences, of spollers, of
elevons, and of a leading-edge flap on the lcw—speed. characteristics of the

wing.
NOTATION

All data are presented as NACA coefficienis. The angle of attack
and 1i1ft, drag, and pltching-moment coefficients are corrected for tunnel-
well effects. Forces and moments are those for the semispan model and are
referred %o the wind axis and to the moment center shown in figure 1.

Coefficients and symbols used are defined as follows:

b
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A aspect ratio =

b span of complete wing measured perpendicular to the plare of sym—
metryl (twice span of semispan wing), feet

c? wing chord (fig. 2), feet

c rrojection of wing chord in wing reference pla.nez
(ct cos €, Ffig. 2)%, feet

o]

mean aerodynamic chord ) faet
c dy/

’ e
S
Cav average chord k_;) s Teet

»

cp drag coefficient [ﬁ%]

1ift
1iPt coefficient
L [Q(S72)]

cy section 1ift coefficient

I’o:, rate of change of wing 1ift coefficient with angle of attack K CL)

czos rate of change of section 1ift coefficient with wing angle of
attack (

Cm pitching—moment coefficient about the moment center shown in
Pigure 1 [pitching moment:{
ac(s/2)

1./D 1lift—drag ratio

P pressure cosfficient < )

1The plane of symmetry contains the X and Z axes (fig. 2).

2The wing reference plane contains the wing leading edge and the
X and Y axes (Pig. 2).

SChord ¢ is parallel to the X axis.
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free—stream static pressure, pounds :pér square foot

local static pressure, pounds per square foot
dynamic pressure < P-Z—2>, pounds per s;qmre foot
Reynolds number <Lf

area of complete wing (twice area of semispan model not including
areas of extended—chord elevons or lea.d.ing—edge flaps), square
feet

free-stream velocity, feet per second

distance measured parallel to X axis (fig. 2), feet

distance measured perpendicular t8 plane of symmetry, feet

reximum mean—line ordinate (fig. 2), percemt chord (c!)

angle of attack of wing reference pla.#e ,» degrees

angle of twist (fig. 2), degrees

taper ratio, ratio of tip chord to root chord

kinematic viscoslty of air, feet squared per second

mess density of alr, slugs per cubic foot
COREECTICNS .

Tunnel-wall correctlons were applied to the angle of attack and

to the 1lift, drag, and plitching-moment coefficients using methods simiiax
to those of references 8 and 9. The following corrections were applied:

cL' o.991 Cr -
ay + dag
"m Cm,, + Al

% = %, * %y
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where
AaT = 1,358 (CLu> + 0,190 <0Lu>
w+E W
ACmI = 0,0010 cLu
MDI = 0.0319 cI'uz_

and the subscripts signify

u uncorrected
W wing
ig flap

No corrections were applled to the data for the effects of model distor—
tion or for possible effects of interference between the model and the
tunnel floor or of .leakage through the gap between the tunnel floor and
the extension of the base of the model where it passed through the floor.
These effects were discussed in reference T and were believed to have
been small. An Iinvestigation was made to determine the effect on the
wing pressure distribution of the leakage through the tumnel—floor gap.
The results are discussed in the section entitled "Pressure-Distribution
Measurements.” :

MODEL DESCRIPTION

The model used 1n these tests, hereinafter referred to as the
revised wing (figs. 1 and 3), was the model described in reference T,
hereinsfter referred to as the original wing, with the twist and thick—
nsss altered from the midsemispan to the tip. The wing tested was a
semispan model with 63° sweepback of the leading edge, en aspect ratio
of 3.5, and a taper ratic of 0.25 (ratio of tip chord to root chord).
The thickness distribution of the tip section of the revised wing pesr—
allel to the plane of symmetry was that of the NACA 0012 section. The
camber line of the tip section and the camber line of the section at
midsemispan parallel to the plane of symmetry on the revised wing were
the same as on the original wing.* (See fig. L.)

“*The thickness distribution of sections on the original wing in planes
perpendiculer to the wing leading edge was that of the NACA 0010 sec—
tion (5.T7—percent—thick sections parallel to the plane of symmetry).
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For expediency in model construction, constant—percent—chord lines on the
surface of the revised wing were straight frqm midsemispan to the tip.
This method of construction resulted in & change of twist of the revised
portion of the wing. A comparison of the spanwise variatlons of twist
and of the maximum cember and thickness of the sections (parallel to the
plane of symmetry) of the original and revised wings is shown in figure k.
Dimensions of the wing are given in figure 1 and table I. The wing was
constructed of laminated mehogeny end is shown mounted 1in. the tunnel in
figure 3. The model was mounted with the tumnel flocor ass a reflection
plane, the plane of symmetry of the wing being coincident with the tunnel
floor. There was a gap of 1/8 to 1/4 inch between the tunnel floor and
the extension of the base of the model where 1t passed through the floor
to support the model. The wing was equipped with pressure orifices on
sections parsllel to the plane of symmetry at 0.200, 0.383, 0.707, and

0.924 semispan. The chordwise locations of the pressure orifices are
shown in teble I.

The fuselage described in reference T was tested with the revised
wing and is shown In figure 3 mounted on the wing in the tumnel. Dimen—
sions of the fuselage are given In figure 1 and tables IX and ITIT. The
geometry of the stall—control devices tested on the model 1s shown in
Pigure 5.

RESULTS AND DISCUSSION
Force Measurements -

The date presented herein were cbtalned at a Reynolds number of 3.7
million based on the wing mean aerodynamic chord (1.3 million based on the
tip chord), corresponding, wmder the test conditions, to a Mach number of
0.16. The maximm angle of attack of the model was limited for structural
reasans to 20°. This angle of attack is below that for maximum 1ift. As a
comperison, an uncambered and untwisted wing of the same plan form (refer—
ence 4) had & maximm 11Ft coefficient of 1.l at 36° angle of attack.

The effects of the cheange of thickness and twist on the asrodynamic
characteristics of the wing and the wing with fuselage are shown in flg—
ures 6 and 7. The daste in these flgures for the original wing are from
reference 7. As shown by the slopes of the pitching-moment curves in
figure 6, the variations of aerodynamic—center location with 1ift on the
original wing were not markedly altered by the change of thickness and twist
of the outer half of the semispen wing, The drag of the wing also was not
greatly affected by the modification, as shown In figure T.

The principal effects of adding the fuselage to the wing are shown
in figure 8. These effects were a decrease of the negative angle of attack
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for zero 1lift from —70 to —5° » an Increase of the lift—curve slope by
approximtely 0.005 (measured at zero 1lift), and.a decrease of the
pitching-moment coefficient at zero 1ift from approximetely 0.06 to 0.01
with little change of static longltudinal stability (dCp/dCr). These
effects were similar to those obtained by the addlition of the fuselage to
the original wing (reference T).

Numerous investigations (e.g., references 4, 10, and 11) have shown
that the unsatisfactory stabllity and stalling characteristics of swept
wings at low speeds can be comsiderably alleviated by the use of leading—
and trailing—edge flaps and upper—surface fences for stall and boundary—
layer control. Preliminary tests (reference T) of several such devices
on the twisted and cambered wing with 63° sweepback showed promising
results. In the present investigation, additiomal devices (Pig. 5) were
tested on the wing and the results are presented in figure 9.

The effects of wvarious arrangements of upper-—surface fences on the
longitudinal stabllity of the wing are shown 1In figure 9(a). The data in
thls figure indlcate that a fence on the inner portion of the wing span
was nearly as effective as & fence near the tip for reducing the wing
instability at 1ift coefficients between O.% and 0.6. Fences at 0.6 and
0.8 semispan exterding either over the after 50 percent of the wing chord
or over 100-percent chord resulted in the straightest pltching-moment
curves to a 1ift coefficient of about 0.7. The preceding indicates that
the spanwise boundary—layer fiow which probably affects the load carried
by the tip (reference T) originated largely on the inner portion of the
wing spen and was more pronounced on the afterportion of the wlng chord.
Evidence of this flow was also obtalned from observations of tufts on the
wing., Alining the fence more nearly with the direction of flow over the
wing near zero 1ift (the Fflow direction as indicated in reference 12 and
from observations of tufts) did not improve the effectiveness of the fence
as may be seen by comparison of the results obtained wlth fences A and B

(fig. 9(a).

The effectiveness of two types of split—Flap elevons deflected upward
for reducing the stability wvariations above a 1ift coefficient of 0.k is
shown in flgure 9(b). The effectiveness of these elevons for producing
pitching moments decreased rapidly with increasing 1ift coefficient above
0.4, and became negligible above a 1ift coefficient of 0.6. Above a 1lift
coefficlent of 0.4 this decrease with 1lift of the effectiveness of the
elevon was accompanied by a nearly linear variation of pitching—moment
coeffliclent with 1ift of the wing with the extended—chord elevon., Similax
results are shown in reference 10 for an upper—surface split flap on a 42
swept-back wing (A = k4, A = 0.6).

The data in figure 9(‘b) show that chordwise location of the elevon

hinge line has a large effect on the effectiveness of the elevon (of
Pixed geometry). The effectiveness of the elevon (when deflected L45°)

NEERRSeY.
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for producing pltching moments and for reducing the variation of aerody-
namic center with 1ift was greater with the élevon hinge line on the wing
trailing edge than on the TO—percent—chord line., This effect of hinge—
line location on flap effectiveness was also shown in reference 4 fram
tests of a split flap on the inner 0.5 semis_pa.n of the untwisted and
uncambered 63° swept wing.

A Jeading-edge flap over the outer 0,22 semlspen of the wing suffi-
clently increased the 1lift of thess sectlions to remove the instability of
the wing between 1ift coefficlents of O.% and 0.6 (fig. 9(c)). The sta—
pility of the wing above a 1ift coefficlent of 0.4 was further increased
by the additiom of a 0.5—<hord fence at 0.6 semispen on the wing with the
leading—edge flap. This resulted in ths wing being stable to a 1ift coeffi-
clent of O,7 with, however, a change of stability between 1ift coefficients
of 0.% and 0.5.

Adding a spoiler to the inner 0.37 semispan of the wing (fig. 5) to
reduce the 1ift on these sections dld not result in any lmprovement of
stabillty characteristics as shown in Ffigure 9(d). The failure of an
improvement of stabillty to be realized was j_aro'ba‘bly a result of increased
spanwige flow from the ssctlons influenced by the spoller. This spanwise
flow also may bave kept the spoller from reducing the 1lift of the inner
portion of the wing spen., .Addlng a fence to the wing near the ocubter end
of the spoller to reduce thls spanwise flow resulted in only small lmprove—
ments in the effectiveness of the spoiler.

Pressure-Distribution Meassurements

Pressure distributions measured at four 'spenwise stations on the wing
are presented in figures 10 and 11, respectively, for the wing alone and
for the wing with the fuselage. Data are presented only for the range of
1ift coefficients wherein large stability changes occurred (1ift coeffi—
cients from O.4 to 0.75). The variations of section 1ift coefficlent
(obtained from integrated pressure distributions) with wing reference
plane angle of attack for a larger lift—coefficlent range sare shown in
figure 12. Included in figure 12 are the varlations with angle of attack
of pltching-moment coefficient obtained from force tests.

Comparisons of the date of figures 10, 11, and 12 with similar dats
of reference T on the original wing show that the Increased thickness and
the change of twist of the outer half of the wing resulted in only small
changes of the chordwise distributions of pressure and 1ift of the wing
sections. Compared with the pressure distributions on the same sectians
of the original wing at the same angles of attack (reference T), the pres—
sure coeffliclents on the revised wing were less negative on the leading
edge near the tip (below the angle of attack for section maximm 1ift
coefficient).

CONPISENRES L
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These chenges in the pressure distributions on the tip sections did
not alter the span load distributlions sufficiently to'affect noticeably
the pressures on the sectlons at 0.200 and 0.383 semispan. The antici—
pated Incresse of maximm 1ift coefflcient of the sectionse nesr the tip
was not realized.

In refsrence 7 the varistions of stability wilth 1ift coefficient of
the original wing were attributed principelly to veriations of spen lcad
distribution. The wvariations of span lced distribution were the result
of flow sepaeration and the consequent effect on the 1lift of sections near
the tip of the wing. The changes of stablility with anglie of attack of the
revised wing can likewise be attributed to the effects of separation on
the spanwise distPibution of load.

Although no marked improvements of the stabllity characteristics
were realized from the revised wilng, the results of the tests of this
wing showed a reduction of the leading—edge pressure peaks near the +tip
with, however, no resulting improvemsnt of the tip 1ift characteristics.
Thus, the inability of the tip sections of highly swept—back wings to
maintain 1ift to high angles of attack® is to a large extent the result
of the outward flow of the boundary layer from the root sectlons rather
than local stall of the tip sectioms,

Thus, improvement of the 1lift characteristics of the wing sections
near the tip by changes of these .sections is hindered by the spanwise
flow from the root.

Included in figure 12 is ths wvaristion of section 1ift coefficient
with angle of attack of the wing with a seal over the gap between the
tunnel floor and the model where the base of the model passed through
the floor to the model support. In the discussion of the correctlons to
the data, the effects of this gap om the data obtained on the model were
assumed to be small. This assumption is substantiated by the data in
figure 12(c) which show a small effect on section 1ift due to sealing the
floor gap.

Spen Load Distribution

The modification to the airfoil thickness and twist of the 63° swept
wing cambered and twisted for a design 1ift coefficient of 0.5 (at a Mach
number of 1.4t) had a negligible effect on the span load distribution as
shown by the data in figure 13, Presented in this figure are the basic

5 .
This has been shown previously (reference T7) to be the principal cause
of the variations of stability with 11ft on swept-back wings.
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(due to twist and camber) and the basic plus the additional® (due to
angle of attack) span load distributions of the wing without Puselage.
Included in this figure i1s the span load distribution of the revised
wing computed by the methods of Weissinger as outlined in references 13
and 1. Reasonebly good agreement was obtained between the computed and
measured span load distributions.

CONCLUDING REMARKS

The results of tests of a semispan model of a twisted and cambered
wing with the leading edge swept back 63° showed that increasing the
thickness with a small modification to the twist from midsemispan to
the tip resulted in no lmprovement of the longitudinal characteristics
of the wing st low speeds. A reduction in the tip—leading—edge pressure
peaks was obtalned with no improvement of tip 1ift characteristics indi-
cating that the early loss of 1lift of the tip, which resulted 1n the
large variations in. longitudinel stdbility, was due more to spanwise
flow of the boundary layer than to local stgll of the tip sections.

The change of thickness and twist had a negligible effect on the
lOWbspeed drag of the wing.

The addition of stall and boundexry—layér—control devices had a con—
sldereble effect on the stabllity of the wing. Upper—surface fences on
the ‘inner portion of the wing were nearly ap effective as those near the
tip for controlling spanwise boundary—layer flow. Fences extending over
the after 50 percent of the chord of the wipg provided about the same
improvement of wing stability as full-chord fences. Addition of a
leading—edge f£lap over the outer 0.22 semispan of the wing with fences
at 0.6 and 0.8 semispan resulted in a nearly linear variatlion of wing
pltching~moment coefficient with lift coefficient up to a 1lift coeffi—
cient of 0O.7.

Upper—surface split flaps on the ocuter 0.37 semispan were ineffec—
tive for longitudinal comtrol at high 1ift coefficlents but resulted in
an spproximately linear pitching—momesnt curve for the wing as a result
of the large varilation of effectiveness of the split flap with 1ift
coafficient. T

8The basic plus additlonal load is presented for a 1lift coefficient
(Ct, = 0.4) at which the local 1ift and the span loading are not appre—
clably affected by separation. This lift coefficient corresponds
approximately to the low-—speed design 1ift coefficient (Cr, = 0.38).
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The modificetion of the outer half of the semispan wing resulted in
only small changes of the chordwise pressure distributions and 1ift of
the wing sectionms.

Ames Aeronsuticel Isboratory,
National Advisory Committee for Aeronsutics,
Moffett Field, Calif.
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TABLE I.— CHORDWISE LOCATIONS OF THE PRESSURE ORIFICES

[Orifices located om both upper and lower wing surfaces ]

Percent wing chord
0 30.00
1.25 ko.00
2.50 50.00
5.00 60,00
7.50 70.00

10.00 80.00

15.00 90.00

20,00 95.00

25,00
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TABIE IT.~ DIMENSIONS OF THE SEMISPAN MODEL

NACA RM A50T1h

Wing

Area of semlispan modei, -25—, square feet .

Semlspan, feet . . . . .

Mean serodynamic chord, feet . .

Aspect ratlio . . « . . . &

Taper ratio (ratlo of tip chord to root chord)

Swoepback of leading edge, degrees . .'.

Sweepback of gquarter—chord

Geometric twlist, degrees .

Dihedral, degrees . . . .
Fuselage

Length, feet . . . . . . .

Maximm dismeter, feet . .

Fineness ratio (ratio of length to

line,

degrees

ma.ximom

»

14.262"
5.0
3.20

3.5
0.25
63
60.8
20.5

. o

. 1k.,2
. 1,36

. 10.k

Zprea to projected tip was 14.286 square feet.

Ppased on gpen of 10 feet and arsa {to projected

fest.

tip) of 28.5T72 square
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TABLE ITII.— COORDINATES OF THE FUSELAGE

[A1ll dimensioms in inches]

Station | Diameter | Station | Diameter
0 0 81.6 16.32
b 2.8k 91.8 16.20
8 5.34 102.0 15.82

12 7.50 112.2 15.20
16 9.30 1204 1k,28
20 10.80 132.6 13.26
2k 11,98 1hk2.8 11.68
28 12.88 153.0 9.86
30.6 13.26 163.2 7.58
ho.8 1L4.28 16k .k 7.16
51.0 15.20 166.4 5.82
61.2 15.82 168.4 3.58
Ti.k 16.20 170.k 0

Fineness ratio, length = 10.h

maximum diameter

'

15
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Figure5- Geometry of the stoli-confrol devices.
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